Nitric oxide induced cell death in human osteoarthritic synoviocytes is mediated by tyrosine kinase activation and hydrogen peroxide and/or superoxide formation.
To investigate the regulation of osteoarthritis (OA) synovial fibroblast nitric oxide (NO) induced cell death. Cultured synovial fibroblasts from human OA synovium were incubated with NO donor sodium nitroprusside (SNP) in the absence or presence of specific inhibitors of different protein kinases, cyclooxygenase-2 (COX-2), caspase-3 and caspase-9, inducible NO synthase, and in the absence or presence of prostaglandin E2 (PGE2). Experiments were also performed using scavengers of NO (carboxy-PXTO), peroxynitrite (uric acid), and superoxide (taxifolin). The level of cell death was measured by MTT and DNA fragmentation. Human OA synovial fibroblasts incubated with SNP decreased cell viability and increased DNA fragmentation in a dose dependent manner. This was associated with increased levels of both COX-2 and PGE2 production. Selective inhibition of COX-2 by NS-398 significantly inhibited SNP induced cell death, even in the presence of exogenously added PGE2. Experiments revealed that SNP treated cells expressed increased levels of active caspase-3 and caspase-9, while Bcl-2 was downregulated. Incubation of these treated cells with inhibitors of caspase-3 (Z-DEVD-FMK) or caspase-9 (Z-LEHD-FMK) protected viability of SNP treated OA synovial fibroblasts, indicating that NO mediated cell death was mainly related to apoptosis. This was also confirmed by measuring the DNA fragmentation (TUNEL method) and the level of active caspase-3 (immunocytochemistry) in these cells. Data also showed that SNP induces the activation of kinases MEK 1/2, p38, and tyrosine kinases. Specific inhibition of tyrosine kinases completely abrogated the SNP induced cell death. In turn, this cell death protection was associated with a marked inhibition of caspase-3 and caspase-9 activities, as well as COX-2/PGE2 production. Moreover, data showed that the NO donor SNP induced cell death was not solely related to the production of NO or peroxynitrite, but to the generation of reactive oxygen species (ROS) such as hydrogen peroxide and/or superoxide. Our results provided strong evidence of the role of tyrosine kinase and mitogen activated protein kinase activation, by upregulation of COX-2 expression, in NO induced OA synovial fibroblast death. The generation of ROS such as hydrogen peroxide and superoxide appeared to be a major factor in the death of these cells.